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Hox genes arewell known for their evolutionarily conserved role in patterning the body axis. Now, Young et al.
in this issue of Developmental Cell present evidence that at least in mouse embryos Hox genes do more,
namely controlling the process of axis formation itself.The posterior growth of the vertebrate
embryo relies on the continuous genera-
tion of new cells from a pool of long-
term progenitors located in the posterior
tip of the embryo, in the tail bud (Tzouana-
cou et al., 2009). The proliferation within
and the exit from this growth zone have to
be tightly controlled in order to complete
body axis elongation and thus achieve
normal body patterning. The mechanistic
insights into how this process is controlled
are limited, due to the fact that direct
observation of the long-term progenitor
cells is still not feasible. Only indirectly,
through the use of sophisticated grafting
(Cambray and Wilson, 2007) and retro-
spective cell labeling experiments (Tzoua-
nacou et al., 2009), has their existence
been revealed in mouse.
How axis elongation is finally termi-
nated in vertebrate embryos is poorly
understood. The speed of axis elongation
has been shown to vary during develop-
ment in several vertebrate species, begin-
ning to slow down when the most poste-
rior somites are produced (Gomez et al.,
2008). The slowing down of axis elonga-
tion leads to a progressive shortening
of the posterior immature region contain-
ing the presomitic mesoderm which
brings the somitic region producing reti-
noic acid (RA), closer to the tail bud. This
has been proposed to induce terminal
differentiation and/or apoptosis of the
axis stem cells, hence terminating the
elongation process (Gomez et al., 2008).
In the chicken embryo, cell death in the
tail bud is associated with the termination
of axis extension (Sanders et al., 1986). In
mouse, several loss-of function muta-tions, mainly related to the Wnt, Fgf, and
RA signaling pathways, as well as muta-
tions in caudal type homeobox (Cdx) pro-
teins, have been shown to lead to axis
truncation (see Aulehla and Pourquie,
2009, for review). Thus, while the cellular
events associated with axis termination
are still poorly understood, genetically,
several important players involved in this
process have been identified.
Now, Young et al. (2009) in this issue
of Developmental Cell identify novel key
players in this process and these are
not unheard of—the Hox proteins. Hox
factors are known for their striking tem-
poral and spatial collinear activation and
their key functions in patterning the body
axis (Kmita and Duboule, 2003). Here,
Young et al. (2009) show that overexpres-
sion of individual trunk Hox genes (e.g.,
Hoxa5 and Hoxb8) is sufficient to partially
rescue the axial truncation phenotype
seen inCdx2+//Cdx4/ mouse mutants.
In addition, they also show that overex-
pression of Hoxb13 leads to axis trunca-
tion, whereas its loss of function was
previously shown to lead to an increased
axis elongation (Economides et al., 2003).
Together, these experiments indicate that
Hox transcription factors not only pattern
the axis, but are also involved in the
control of axis elongation. In this view,
the expression of trunk Hox genes (acting
downstream or in parallel to Cdx genes)
would ensure sustained axis elongation.
Eventually, terminal Hox genes (paralog
13 group) are activated in the embryo,
suppressing the function of trunk Hox
genes and leading to termination of the
elongation process. The precise mecha-Developmental Cell 17nism of how Hox genes exert their func-
tion on axis elongation remains to be
explored but might relate to the recently
identified function of Hox genes in the
control of the flux of paraxial mesoderm
precursor cells from the epiblast into
the primitive streak (Iimura and Pourquie,
2006).
Young et al. (2009) report that neither
Cdx2+//Cdx4/ mutants nor Hoxb13
gain of function has an effect on apoptosis
in the posterior embryo. This comes as a
surprise, since previous reports argued
that the effect of Hoxb13 on axis elonga-
tion is indeed mediated through affect-
ing the balance between apoptosis and
proliferation in the posterior growth zone
(Economides et al., 2003). Clearly, future
work will be needed to address how the
pool of progenitor cells is affected by
these various genetic modifications.
Interestingly, both the loss of Cdx2/4
and the overexpression of Hoxb13 lead
to a loss of Wnt3a in the posterior
growth zone, while RA signaling appears
increased under these experimental con-
ditions (due to downregulation of the RA-
clearing enzyme Cyp26A1). This indicates
a tightly interwoven genetic circuitry: while
Wnt-signaling (and RA signaling) are
known to activate Cdx proteins, which in
turn can activate Hox gene expression
(Lohnes, 2003), Young et al. (2009) show
that Cdx and Hox proteins actually signal
back to influence Wnt3a expression and
RA-signaling. These feedback loops are
proposed to be essential to maintain axis
elongation. In support of this conclusion,
Young et al. (2009) show that overexpres-
sion of activated Lef1 (which activates, October 20, 2009 ª2009 Elsevier Inc. 439
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Previewscanonical Wnt signaling) is able to rescue
the axis truncation phenotype of Cdx
mutants. However, when activated Lef1
is overexpressed in wild-type embryos,
no increase in axis elongation is observed
as one might have expected, thus these
feedback loops cannot account for the
whole story.
The present work also challenges the
posterior prevalence model for Hox gene
function, which is commonly thought of
being an evolutionarily conserved prop-
erty of Hox genes during axial patterning
(Duboule and Morata, 1994). Posterior
prevalence postulates that 50 (posterior)
Hox genes are functionally dominant over
30 (anterior) genes. However, when Young
et al. (2009) overexpress anterior Hox
genes (e.g., Hoxb8) in transgenic animals
that also overexpress Hoxb13 (and which
by itself leads to axis truncation) they
observe a rescue of the axis truncation
phenotype. It appears therefore, that
collinear activation of Hox genes is by it-
self not sufficient to explain how the elon-
gation process is halted; it may in additionAbout Combs, No
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Since its discovery by Thomas Hunt
Morgan in 1917, the Notch gene has
attracted the attention of numerous
researchers. Notch is not only part of one
of the best-conserved signal transduction
pathways in metazoan development but
is also a potent oncogene when deregu-
lated. Molecular identification of the Notch
transmembrane receptor was followed by
the unraveling of an apparently simple and
direct signal transduction mechanism:
440 Developmental Cell 17, October 20, 200be necessary to actively clear anterior
Hox gene activities from the tail. Alterna-
tively, a certain ratio of expression of the
posterior Hox genes versus more anterior
genes might be required to suppress axis
elongation. Here, the detailed study of
Young et al. (2009) provides a possible
explanation: since overexpression of
Hoxb13 is able to downregulate Wnt3a,
this could indicate that with the onset of
posterior group Hox genes, the positive
feedback loop between Wnt3a-Cdx-trunk
Hox genes becomes inactivated (since the
initiating Wnt-signaling is being repressed
by posterior Hox genes). Thus, the study
by Young et al. (2009) suggests that
collinear Hox activation combined with
genetic feedback loops are controlling
the axis elongation—and termination—
process.
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Two recent papers shed new light
the Notch and JAK/STAT signaling
Early studies with Drosophila PcG
mutants revealed a tumor suppressor
capability of this classof epigenetic regula-
tors, although, the phenotypic features
observed during imaginal disc develop-
ment were quite diverse and complicated
to interpret (Beuchle et al., 2001; Janody
et al., 2004). Recently, a study addressing
the mechanisms underlying these obser-
vations uncovered a dynamic modulation
of cell-cycle regulator genes by the PcG
